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(54) Title: MANUFACTURE OF VENLAFAXINE HYDROCHLORIDE AND CRYSTALLINE POLYMORPHS THEREOF 

(57) Abstract: The present invention discloses process for the preparation of 0-l-[2-(dimethylamino)-l-(4-methoxyphenyl)-ethyl] 
Q cyclohexanol hydrochloride (Venlafaxine hydrochloride) and its novel crystalline polymorphs designated as Form -I, Foim -H, Form 
-m and crystalline forms of (R) and (S) enantiomers. These are characterized by specific Fourier Transform Infrared (FTIR), X-ray 
^ powder diffraction (XRPD) and Solid-state NMR (^^c - CP/MAS NMR) and are useful as agents for treating depression. 
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MANUFACTURE OF VENLAFAXINE HYDROCHLORIDE AND CRYSTALLINE POLYMORPHS THEREOF 

5 

BACKGROTJ]>n> OF THE INVENTION 

A number of nontricyclic antidepressants have recently been developed that 
dimmish the cardiovascular and antidiolinergic liability characteristic of tricyclic 
antidepressants. Some of these compounds are used as anti-obesity agents and have shown 

10 promise in the treatment of cerebral function disorders such as parkinson's disease senile 
dementia. See, e.g., WO 94/00047 and WO/00114. The nontricyclic compound, 
Venlafaxine, chemically named (±)-l-[2-(dimethylamino)-l-(4-methoxyphenyl)ethyI]- 
c^clohexanol, is an antidepressant which has been studied extexisively and is described in, 
for example, U.S. Patent No.4761501 and Drugs of the Future 1988,1 3(9),83 9-840. Its 

15 hydrochloride salt formulation is currently commercially available imder the trade name 
Effexor. It is mariceted in racemic form, which is a equal mixture of the (+) and (-) 
enantiomers of Venlafaxine and is indicated for tiie treatment of depression. 

Although Venla&xine contains an asymmetric carbon atom and is sold as a 
racemate, it has been reported that its (•>) ^oantiomer is a more potent inhibitor of 

20 norepinephrine synaptosomal uptake while its (+) enantiomer is more selective in inhibiting 
serotonin uptake. CXenobiotica 1994,24(4), 315-327). Further more, studies have shown that 
the ratio of the two isomer's metabohsm varies not only among species, but between 
subjects as well. (J.Clin.Pharmacol. 199232,716-724). In humans, Venlafexine is 
transformed by a saturable metabolic pathway into two minor metabolites, N-desmethyl 

25 Venlafaxine and N,0-didesmethylvenla&xine, and one major metabolite, O-desmethyl 
Venlafaxine. 

The present invention relates to the preparation of Venlafaxine hydrochloride which 
is known by the chemical name l-[2-(dunetfaylamino)-l-(4-methoxyphenyl)ethyl 
cyclohexanol hydrochloride useful as pharmaceutical agent and The racemic Venlafaxine 

30 hydrochloride exhibit polymorphism, which we report herein for the first time. The 
polsrmorphs characterized are designated as Form - I, Form - II, and Form - DI of racemic 
Venlafaxine hydrochloride and optically pure (R) and (S) enantiomers exhibit different 
crystalline structures as that of racemic Venla&dne hydrochloride. The preparation of all 
the forms disclosed herein are described. The inter-conversion of differmt forms of racemic 

35 Venlafaxine hydrochloride is also described herein. 

U.S.patents 4535186, 4761501, 5043466; GB 2227743; CN 1225356, WO 
00/59851, 00/32556; EP 112669 which are incarporated herein by referraces, describe 
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vaiious processes and key intennediates for preparing racemic Venlafaxine hydrochloride 
while J. Med. Chem. 1990, 33, 2899-2905, and WO 00/32556 describe the preparation of 
racemic Venla&xine and its resolution into (R) and (S) enantiomers. To the applicants' 
knowledge there is no polymorphic forms reported in literature on Venlafaxine 
hydrochloride. 




NMez.HCl 



Venlafaxine is prepared as its hydrochloride salt, i.e. l-[2-(dimethylamino)-l-(4- 
methoxyphenyl)ethyl]cyclohexanol hydrochloride salt (1:1). The hydrodiloride salt is 
desirable since it enables Venlafaxine to be conveniently formtdated in, for example, 
tablets, capsules, lozenges, powders, and the like for oral administration. Additionally, there 
is a need to produce Venlafaxine in a pure ci3^talline form to enable formulations to meet 
exacting phaxmaceuticai requirements and specifications. 

Furthermore, the process by which Venlafaxine is produced needs to be one, which 
is amenable to trge-scale production. Additionally, it is desirable that the product should be 
in a form that is readily filterable and easily dried. Finally, it is economically desirable that 
the product be stable for extended periods of time without the need for specialized storage 
conditions. 

The applicants have now found that Venlafaxine can be prepared in difif^ent 
crystalline polymorphic forms. Thus, the present invention provides Venlafaxine 
hydrochloride in new ciystalline forms designated as Form 1, Form n, and Form EI and 
crystalline forms of (R) and (S) Venlafaxine hydrochloride. Form I Venlafaxine consists of 
smaller particles having needle shape and exhibits slow filtration and drying characteristics 
in comparison with Form n and Form HI. 

The reaction of p-methyoxyphenyl acetonitrile with c^clohexanone takes place in 
the presmce of n-butyl Uthium or lithium diisopropylamide (US Patents 4535186, 4611078, 
4761 501 , 5043466 and EPl 1 2669) to provide compound I while sodium methoxide, sodium 
amide or sodium hydride are mentioned in CN 1225356. All the above mentioned reagents 
are highly sensitive to moisture and air and catches fire. They are also very expensive. 



•l 
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In the 2°^ stage the resulting compound I is hydrogenated over Rhodium supported 
on alumina to give primary amine derivative n. Again, in this stage Rhodium is very 
expensive and uneconomical on plant scale preparation. 

The primary amine derivative QS) is methylated by fonnaldehyde and formic acid 
mixture to give Venlafexine base QSS) vAiich is converted to the hydrochloride salt (Scheme 
1) 

SCmSME: 1 



MeO 



SYNTHETIC DIAGRAM OF VEaSfl^PAXTNlR 
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Stage: - 1 

Prior arts describe the method of condensation of cyclohexanone at the benzylic 
carbon of p-methoxyphenylacetonitrile employing n-butyl Uthium or lithinm 
diisopropylamide disclosed in US 4535186, US 4761501, US 5043466, WO 00/59851, and 
JMC 1990. 33, 2899, while in CN 1225356, sodium methoxide, sodium edioxide, sodamide 
or sodium hydride are employed for the said conversion. All the above mentioned reagents 
and chemicals are highly sensitive to moisture and air and are unsafe and expensive on plant 
scale. 

The present invention discloses the use of an inorganic base, which is abundantly 
available and relatively safe on commercial batches ie. alkaline earth metal hydroxides like 
lithium hydroxide, sodium hydroxide and potassium hydroxide. PrefeiabJy, sodium 
hydroxide, which is the most economical and abundant chemical is used in present 
invention. In an improved methodology, in accordance with the present invention, the of 
sodium hydroxide jflakes in n-hexane containing tert-butanol and p-methoxy 
phmylacetonitrile in a molar ratio of 3 : 1.1 : 1 respectively is reacted with a solution of 
cyclohexaaone in a molar ratio of 1.1 in toluene at -5 to -lO^C, after neutralizing sodiimi 
hydroxide with acetic acid, a white product is isolated horn aqueous work up. The dried 
product accounts 74%. yield based on p-methoxy phenyl acetonitnle having mp. 125 — 
US^'C (reported 123 - 126 °C) with high HPLC purity of 99.86%. The compoimd was 
further confirmed for the proposed structure as in scheme — I, stage - 1 by NMR, ^^C 
NMR, & ESI-MS. The stage-1 compound prepared by this procedure matches in all tests 
such as mp, & ^^C NMR, BSI-MS & HPLC with the one prepared by conventional 
procedmres. 
Stage: 2 

Prior arts describe the me^od of reducing a cyano group to a aminomethyl group by 
emplo5dng Rhodium supported on alumina as a catalyst in hydrogenation procedure. 

The present invention describes the use of Raney Nickel, Raney Copper and Raney 
Cobalt in the above reaction in place of expensive Rhodium metal. Raney nickel works well 
in such ^e of reductions. The use of Raney nickel in presence of anhydrous ammonia in 
hydrogenation is a well documented procedure. In an improved procedure, in accordance 
with the present invention, the reduction is carded out by employing hydrogenation reaction 
in an autoclave at 60 psi, containing Raney Nickel and anhydrous ammonia in methanol at 
30^C. The reaction is over in 3-4 hrs showing the absence of starting material by TLC. The 
catalyst is filtered and the solvent is removed to provide a thick syrupy liquid with high 
purity of reduced product i.e. 93% in almost quantitative yield. HPLC analysis of reduced 
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10 



product (n) shows main peak at 3.44 minute with two minor impurities appearing at 2.36 
min. and at 23.92 minutes each 3 - 5% by area in HPLC. 

Stage -3 

N-Methylation is achieved by standard procedure of Tilford and Van Campen 
modification (JACS.. 1954. 76. 2431) employing aqueous formaldehyde and formic acid 
under reflux for several hours. The product is isolated as the syrupy liquid identified as 
Venlafedne base (m) containing 82% pure Venlafexine base accounting 75% yield of 
theoretical based on stage - 1 compound. 
Stage-4 

The Venlafexine base thus obtained in stage 3 is subjected to hydrochloride 
formation by addition of anhydrous hydrochloric acid in isopropanol. in to a solution of 
Venlaiaxine base in acetone at 5 to lO^C. The product is isolated as white crystaUine 
material in a yield of 85% of theoretical having mp 210 to 212°C, with HPLC purity of 98% 
and HPLC assay 97%. This stage of operation removes the impurities present in 
IS Venlaiaxine base substantially. 
Stage-5 

The Venlafexine hydrochloride obtained in stage 4 is refluxed with 10 volumes of 
isopropanol to get clear solution which is cooled to 5 to 10 "C and then filtered to get pure 
Venlafexine hydrochloride with 90% recovery and HPLC purity of 99.60%, HPLC assay 
10 98.4%. m.p. 21 5 to 216°C. This particular stage forther improves the quaUty of Venlafaxine 
hydrochloride. 
Stage - 6 

The Venlafaxine hydrochloride thus obtained in stage - 5 is dissolved in methanol, 
treated with activated carbon, filtered, methanol is evaporated to dryness and the residue is 
slurried in acetone and then refluxed and filtered at 5 to 10 »C to get purest Venlafaxine 
hydrochloride m.p 21 6 to 21 7 °C with 90% recovery, HPLC purity of the product is 99. 8% 
and HPLC assay is 99%. The impurities level in this product is very low. each impurity 
being below 0.1%. Purest material is thus obtained in this stage which is employed to 
convert back into pure Venlafaxine base, which is then utilized to study various 
30 polymorphic forms of racemic Venlafaxine hydrochloride. 

The Venlafiudne base obtained in stage - 3 conlains 82% pure Venlafexine base, 
which on hydrochloride formation removes the impurities to a great extent The Venlafexine 
hydrochloride thus obtained is fiirther purified two times to restrict each impurity to a 
concentration of less than 0.1% each in final purified Venlafexine hydrochloride material 
35 The pure Venlafaxine hydrochloride thus obtained is converted into its pure Venlafaxine 
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base and all the preparatioBS of dififerent polymorphic fonns of iracenuc Venlafaxine 
hydrochloride are achieved by using the pure Veolafaxine base. It is essential to employ 
material having highest purity to study polymorphism in right perspective because the 
product contaminated with impurities play a vital role in determining the outcome of 
crystalline forms, sometimes the presence of the impurities may provide wrong, non- 
reproducible and unpredictable crystallinity. 

The pure Venlafaxine base thus obtained is subjected to hydrochloride formation in 
dififerent solvents and under different reaction conditions. Such parameters play a major role 
in the formation of different polymorphs having different crystalline structures. The 
presence of co-solvents, the temperature at which hydrochloride formation occurs, refluxing 
the reaction mixture after hydrochloride formation, the temperature at which the filtration of 
hydrochloride salt is performed, all these factors mentioned above, determine the 
crystallinity of racemic Venla&xine hydrochloride. It is evident from the experimental 
details that without changing basic solvent Le. toluene^ but changing the above mentioned 
paramet^s during hydrochloride formation all the three forms i.e. Form I, Form II and Form 
m of Venlafaxine hydrochloride are achieved. 

Venlafaxine hydrochloride as obtained in stage 4 and 5 was found to be Form- 1, the 
product obtained in stage 6 was found to be Form - II in well controlled laboratory 
conditions and to the applicants* surprise under exactly similar conditions Venlafaxine 
hydrochloride was foimd to have totally dififerent crystalline form designated as Form - IH 
on plant scale. 

The efifect of co-solvent was also studied in conversion of Form I to Form - n or 
Form - m. For example, Venla&dne hydrochloride Form - I is dissolved in methanol 
which is removed completely by distillation, but since, it is not possible all the time to 
remove methanol completely, the product is refluxed in acetone, cooled and filtered. 
Experimental details reveal that methanol, even in concentration of 5 — 1 0 % in acetone, 
does not affect the polymorphism. Even absence of methanol does not affect the 
polymorphism in all cases and Form - I is converted into Form - n or Form - HE 
completely. 

When stage - 6 is attempted on 40 to 50 kg scale on plant, it was surprisingly foxmd 
that a new pol3rmorph designated as Form - HI is formed under similar conditions of 
operations while Form - II is achieved in laboratory trials under same conditions. Thus, the 
applicants now conclude that the design and rpm of agitator play a vital role in the 
formation of the polymorph, which is totally distinguishable and different from polymorph 
- n, which is obtained in laboratory under well controlled conditions. In fiirther studies 
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Foim - n or Fonn - m is converted into Form I by dissolving in hot isopropanol and 
cooling to 5 to 10°C then filtering and drying. 

The applicants have found that Form - I is always with small particle size and is 
therefore, relatively slow in filtration and drying as compared to Form ~ n or III which have 
higher particle size with better filtration and drying characteristics. 

Surprisingly, however, when the applicants attempted to explore whether 
polymorphic forms can be prepared starting from optically pure R- and S- Venlafaxine 
hydrochloride also, it was found that no polymorphism was observed in chiral Venla&xine 
hydrochloride as revealed by DSC, X-ray powder diffraction. The above data is totally 
different as observed in three forms of racemic Venla&xine hydrochloride. Due to higher 
melting point of chiral R- or S- Venlafaxine hydrochloride (240 to 242^C) as against mp of 
214 - 216° of three forms of racemic Venla&dne hydrochloride. R- & S- Venlafexine 
hydrochloride exhibit well defined crystalline patterns as evidenced fi-om XRPD. 

The present invention thus indicates that equal mixture of R- and S- Venlafexine 
hydrochloride in racemic Venlafexine hydrochloride is the key fector to crystalhze the 
material in different crystalline polymorphic forms. 

It was also attempted in the present invention to interconvert the crystallinity in 
chhal R- & S- Venlafexme hydrochloride in different solvents and under different reaction 
conditions, but there was no change in the original crystallinily confirming our belief that 
the existence of polymorphism in racemic Venlafaxine hydrochloride is due to the presence 
of both the enantiomers in equal amounts. It is therefore, believed that R- enantiomer is an 
impurity to S- enantiomer and vice versa, which gives rise to polymorphism in racemic 
Venlafaxine hydrochloride not in diiral Venlafaxine hydrochloride. 

Since Venlafaxine hydrochloride is marketed as racemic, polymorphism is to be 
dealt with great care, especially since the Form which is more thermodynamically stable 
with desired bioavailability would be preferred over other Forms considering storage 
conditions and shelf life. Less thOTnodynamically stable Form is prone to convert into 
stable Form and such Forms are not good candidates for pharmaceutical apphcations, since 
this conversion will be noticed during the storage of the material 
Stage - 7 

Pure racemic Venlafexme hydrochloride thus obtained in stage - 6 is converted to 
pure racemic Vmlafaxine base as a white solid in quantitative yield having melting point 80 

by usual procedures. 
Stage- 8 

r 
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The pure Venlafaxine base thus obtained in stage - 7 is subjected to hydrochloride 
formation in (i) ethyl acetate (ii) acetonitrile (iii) acetone (iv) isopropanol (v) MIBK and 
(vi) toluene by passing dry hydrogen chloride gas at 0 to 5°C except in isopropanol, where a 
solution of dry hydrogenchloride gas in isopropanol is used. Aft^ the completion of 
hydrochloride formation the product is filtered and washed with same solvents, Ihe product 
is dried at 60°C till constant weight The product Venlafaxine hydrochloride obtained from 
(i) ethyl acetate (ii) acetonitrile (iii) acetone (iy) isopropanol (v) MEBK (vi) toluene were 
found to be Form - 1. But after passing HCl gas at 25 to 30 °C, the mixture is heated to 
reflux. On cooling Form - n is obtained except in case of isopropanol where From - I is 
obtained. 
Stage - 9 

The six steps as conducted in stage - 8 were repeated instead of dry 
hydrogenchloride gas, a solution of dry hydrogenchloride gas in isopropanol were added at 
30 to 35°C and the reflux was maintained in all the experiments for 1 hour except in 
isopropanol where complete dissolution occurred in 5 minutes. In all the steps, the reactants 
were cooled to 30 to 35^C and then filtered and dried. To the applicants' stuprise Form - I is 
achieved only in isopropanol, while acetone, ethyl acetate, acetonitrile and MKBK produced 
Form - n. It can therefore, be concluded firom stage - 8 and stage - 9 that the temperature 
and solvent play a vital role in determining the polymorphic forms of the Venlafaxine 
hydrochloride. As shown earlier in stage 6 during manufacturing Venlafaxine hydrochloride 
on plant scale and during interconversion of Form - 1 to Form - n or Form II to I on plant 
scale only Form m is obtained. A number of experiments were carried out to prepare Form 
in in laboratory i.e., 5 to lOg batdi size. Fortunately, success was achieved when 
Vmlafexine base in toluene was treated with IPA/HCl gas at 30 - 35°C and then heated to 
reflux. On cooling and drying the material surprisingly the Venlafaxine hydrochloride 
obtained contains Form HI crystallinity. While when dry HCl gas is passed into a solution 
of Venlafiaxine base in toluene at 0 - 5 °C on work up Form I is obtained, if the solution 
heated to reflux on work up Form — n is obtained. This example again support our bdieves 
that the solvent, co-solvmt and temperature plays an important role in the formation of 
different crystallinity. 
Stage - 10 

The Venlafaxine hydrodiloride Form - II or III is dissolved in methanol and treated 
with activated carbon, filtered through hy&ow bed and methanolic solution of Venlafaxine 
hydrochloride is evaporated to dryness and acetone is added to the dried mass and refluxed 
for 1 hour with stirring, cooled to 30 to 35°C, filtered and dried. Four e3q)eriments were 

8 
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carried out, in one of the experiments, after removal of methanol completely the prodtict 
was recovered without any addition of acetone, the product was found to be Form - TL 
Remaining three experiments were designed in such a way that before filtration of final 
product methanol content was (i) nil (ii) 5% (iii) 10% with respect to acetone content, the 
product Venlafexine hydrochloride obtained from these three experiments were found to be 
again Form - n. Form - n is recovered as such while Form - IH is converted into Form - II 
in laboratory trials. 
Stage - 11 

Venlafaxine hydrodiloride Form II or Form in is converted into Form - I by 
dissolving Form n or Form m in hot isopropanol, cooling to 5 to 10°C then filtering and 
diyiag till constant weight 
Stage - 12 

Venlafaxine hydrochloride Form - I is converted into Form n or Form HI by 
dissolving Form I in methanol, evaporating the solvent, reflxjxing with acetone, cooling to 5 
to 10*^C, filtering and drying. Under identical conditions of operations. Form n is achieved 
in laboratory trials, whereas plant scale batches produced Form HI. Stage - 13 

Racemic Venlafaxine base is resolved into enantiomeric pure (R) and (S) 
Venla&dne base by known procedures. Both the enantiomers were subjected to 
hydrochloride formation in difEermt solvents and under dififerent experimental conditions. 
Stage - 13 reactions demonstrated that the prodxicts obtained were similar to each other in 
all the aspects i.e. melting pomt, DSC, and X-ray powder dijGfraction data, thereby 
c onfirmin g the occurrence of only one crystalline form in (R) and (S) Venlafaxine 
hydrochloride which is obviously different from Racemic Venlafaxine hydrochloride Form 
I, n and m due to the diflfeence in melting point of racemic V^ilafaxine hydrochloride 
(214 to 216^C) and (R) and (S) Venlafaxine hydrochloride (240 to 242°C). Moreover (R) 
and (S) Venlafexine hydrochloride completely match with each other on the above data as 
mentioned. 
Stage- 14 

The interconversion of crystallinity of (R) or (S) Venlafaxine hydrochloride was 
attempted in isopropanol where racemic Venlafaxine hydrochloride Form - II or in is 
converted into Form - 1, but it was found that the (R) or (S) Venlafaxine hydrochloride was 
recovered as such and therefore no change in original crystallinity of (R) or (S) Venlafaxine 
hydrochloride was noticed. 
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CHARACIIERIZATION OF VENLAFAXE^E HYDROCHLORIDE 
POLYMORPHIC FORMS: 



Crystalline Form-I, Form-II and Form-m racemic Venlafexine Hydrochloride were 
characterized by Fourier Transform Infrared (FTIR) spectra. X-ray Powder diffiraction 
patterns pCRPD) and Solid-state ^^C Nuclear Magnetic Resonance Spectrum (^^C - 
CP/MAS NMR). 



Fourier Transform Infrared Spectrum ^FTIRV 

Fourier transform infirared spectra of the polymorphs were acquired on an Shimadzu 
FTIR-8300 spectrometer equipped with diSused reflectance accessory. FTIR spectra of the 
three polymorphs in 1he region 400-4000 cm'^ at a resolution of 2 are shown in Figs. 1-3. 
While many of the spectral features are broadly similar, there are discernible differences 
between the three forms which can be used to distinguish and indmtify the individual 
Forms. No attempt was made to assign all the observed modes in the FUR spectra. Form-I 
showed greater multiplicity when compared with the other two Forms. Tabl&*l Usts the 
wave numbers in the region of 500-1700 Cm"^ of the three poljonoiphs. 



Table-1: FTIR wave numbers (cm" ) of racemic Venlafaxine hydrochloride 



FTIR spectral wave numbers, cm 


-1 


Form-I 


Fonn-n 


Form-in 


501.5 


526.5 


526.5 


522.7 


545.8 


545.8 


553.5 


594.0 


592.1 


580.5 


634.5 


634.5 


634,5 


667.3 


667.3 


657.7 


734.8 


734.8 


667.3 


769.5 


769.5 


719,4 


817.8 


817.8 


740.6 


829.3 


829.3 


767.6 


858.3 


844.8 


777.3 


908.4 


858.3 


810.0 


927.7 


908.4 


837.0 


958.6 


927.7 


908.4 


970.1 


958.6 


927.7 


981.7 


970.1 


956.6 


1018.3 


981.7 


970,1 


1037.6 


1018.3 


1016.4 


1060.8 


1037.6 


1041.5 


1080.1 


1060.8 
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1062.7 


1107.1 


1080.1 


1082.0 


• 

1139.9 


1107.1 


1109.0 


1153.4 


1139.9 






1 153.4 


1 1 53.4 


1242.1 


1178.4 


1178.4 


1274.9 


1242.1 


1247.9 


1303.8 


1274.9 


1274.9 


1365.5 


1303.8 


1305.7 


13867 


1365.5 


1317.3 


1404.1 


1386.7 


1367.4 


1440.7 


1404.1 


1384.8 


1473.5 


1440.7 


1400.2 


1512.1 


1473.5 


1438.8 


1581.5 


1512.1 


1471.6 


1612.4 


1581.5 


1514.0 




1612.4 


1581.5 • 






1614.3 







X-Rav Powder Diffraction fXRPD); 



X-ray powder diffiraction patterns were recorded using Rigaku Multiflex automated 
X-ray difBractometer with CuKa radiation (30 mA, 40 KV, X=l .5406 A). Slits I, n are l"* 
and SlitsII at 0.15 mm and IV at 0.6 mm 

The silicon standard was run each day to check the x-ray tube alignment. 
Continuous 8/29 coupled scan: 4.00 to 40.00 ° in 26 at a scan rate of 47min. Sample 
tapped out of vial and pressed onto zero background quartz sample holder. Sample width 
7.5 X 6.5 mm with 0.5 mm depth. Samples are stored and run at room temperature. 

Tabl©-2, 3 & 4 lists the 29, d-spacings and relative intensities of all lines in the 
XRPD with RI of >1 0% for Form-I and Form-II and >5% for Form-IEI respectively. It 
should be noted that computer-generated, unrounded numbers are listed in these tables. The 
X-ray powder diffractograms of the three polymorphic Forms of racemic Venlafaxine 
hydrochloride are given in Figs. 4, 5 & 6, and dii&actograms of R(+) Venlafaxine 
hydrochloride and S(-) Venlafbdne hydrochloride are given in Figs. 7 & 8 respectively. 
The three polymorphic forms of racemic Venlafaxine hydrochloride can be easily 
differentiated from each other and also indrviduaUy can be identified from their x-ray 
powder diffractograms and diffraction data. The diffractograms of R(+) Venlafaxine 
hydrochloride and S(-) Venlafaxine hydrochloride are very similar to each other and 
represent the same crystalline structure to both chiral enantiomers of Venlafaxine 
hydrochloride. 

11 
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26 


d-value 


Relative Intensity ( >1 0%) 


6.790 


13.007 


22 






1 A 




St AAA 


1 c 
1 J 


iZ. /DM 




•J / 




O. J J*T 


D O 


15.420 


5.741 


11 


ID. joO 




zx 


1 j.o/U 


J.OOO 


OA 


ID. /4U 




iZ 






1 A 
14 


16.350 


5.417 


16 


16.800 


3.2 /Z 


1 A 
lU 


18.990 


4.009 


Z3 


19.790 


>f /ICO 


1 U 


20.350 


4.JOU 

• 




21.240 


4.179 


35 


21.820 


A Pi/ICS 

4.059 


ZD 


25.040 




1 A 

14 


25.090 


3.D40 


OA 

zu 


25.150 


3.^3o 


1 A 

14 


27.220 


3.273 


10 


OTA 

27.270 


O.ZO/ 


1 A 
lU 


2o.4/0 




1 A 
lU 


28.560 


3.122 


13 


28.610 


3.117 


13 


31.090 


2.874 


10 


31.590 


2.829 


11 


31.650 


2.824 


10 


31.720 


2.818 


10 


33.990 


2.635 


10 


35.120 


2.553 


18 


35.230 


2.545 


17 


Table-3: XEtPDdataof raceinic Venlafexine hydrochloride Form-IE 


29 


d-value 


Relative Intensity ( >1 0%) 


6.690 


13.201 


23 


10.210 


8.656 


46 


13.450 


6.577 


34 


15.310 


5.782 


28 


15.380 


5.756 


39 


15.520 


5.704 


53 
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18.140 


4.886 


25 






*T.O / o 


zo 




19.610 


4.523 


14 




19.680 


4.507 


21 




20.260 


4.379 


100 




21.460 


4.137 


13 












21.650 


4.101 


46 




21.710 


4.090 


46 




22.570 


3.936 


13 




22.650 


3.922 


15 




25.490 


3.491 


10 




25.540 


3,484 


11 




27.160 


3.280 


11 




28.020 


3.181 


11 




28.100 


3.172 


12 




28.180 


3.164 


12 




28.210 


3.160 


11 




34.970 


2.563 


19 




35.06Q 


2.557 


25 





Table-4: XRPD data of racemic Venlafaxine hydrochloride Fonn-IU 



.29 


d-value 


Relative Intensity ( > 5%) 


6.730 


13.123 


15 


10.240 


8.631 


8 


13.490 


6.558 


28 


15,370 


5.760 


6 


15.410 


5.745 


7 


15.480 


5.719 


8 


15.560 


5.690 


8 


18.180 


4.875 


6 


18.220 


4.865 


5 


20.180 


4.396 


30 


20,300 


4.371 


100 


21.600 


4.110 


7 


21.650 


4.101 


9 


21.740 


4.084 


13 


27.200 


3.275 


13 


27.260 


3.268 


6 


35.090 


2.555 


10 


35.180 


2.548 


6 



Solid-state C Nuclear Magnetic Resonance Spectrum 
r "C - CP/MAS NMR ^; 
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Solid-State C Nucleai magnetic resoBance spectra were acqiiired on Bruker DRX 
500 spectrometer at a resonance frequency of 125.77 MHz for ^^C and 500 MHz for ^H 
using the Cross-polarization (CP) with magic-angle spinning (MAS) technique. 
Approximately 200 mg of each polymorph was used in the acquisition of their respective 
spectra. All measuremmts were made at ambient temperature. The chemical shifts were 
referred to the CH carbon of a spinning sample of adamantine taken as 37.8 ppm from 
TMS. A contact time of 1 milli second and relaxation delay of 5 sec was used. The data 
were collected at a spinning speed of 8.0 KHz for each sample. A positive assignment of 
the origin of signal multiplicities in the spectra require additional ^^C CP/MAS NMR 
experiments to be performed at a lower static field strength and also at varying temperature. 
No detailed attempt was made to assign all the resonance frequencies and signal 
multiplicities. 

Figs-9, 10 & 11 shows the ^^C CP/MAS NMR spectra of lie three polymorphs 
respectively and the Table-5 shows all the resonances for all three Forms. 

Table-5: Solid-state ^^C Chemical shifts (ppm) of mcemic Venlafaxine hydrochloride Form 
-tnandin. 



^^C Chemical shifts (ppm) 


Form-I 


Fonn-n 


Form-m 


221 .52 


221.28 


221.27 


1 97.24 


198.23 


198.25 


196.76 


196.18 


196.20 


193.64 


194.37 


194.37 


179.11 


181.35 


181.38 


171.72 


172.33 


172.32 


157.90 


157.65 


157.66 


133.62 


134.62 


134.65 


133.14 


13258 


132.59 


130.04 


130.75 


130.79 


115.49 


117.74 


117.77 


108.10 


108.71 


108.74 


94.26 


94.03 


94.04 


74.11 


73.89 


73.93 


69.99 


71.00 


71.01 


69.51 


68.94 


68.97 


66.40 


67.11 


67.15 


59.36 


59.23 


59.30 


54.81 


55.59 


55.63 


51.84 


54.13 


54.17 


50.99 


51.32 


51.36 
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10 



15 



20 



30 



44.45 


45.08 


45.09 


43.40 


43.29 


43.33 


42.37 


41.49 


41.53 


37.80 


37.80 


37.85 


35.69 


25.94 


26.00 


25.52 


23.74 


23.84 


21.74 


21.40 


21.45 



Transmission microscopy pictures: 

Transmission microscopy pictures were taken using OPTIMA Binocular research 
microscope with a magnification of 1 COX 

SUMMARY OF THE INVENTION 

The improved process of manufacturing racemic Venlafaxine hydrochloride is 
described in scheme — 1 . Basic starting material and intermediates remain as disclosed in the 
above mentioned patent procedures, the difference lies in the use of simple, safe and 
economical reagents as disclosed in following stages. 

Venlafexine Hydrochloride is prepared by the improved method shown in scheme 

-I 

Stage - 1: 



Stage - n: 



Stage - m: 



p-Melhoxyphenylacetonitrile is reacted with cyclohexanone in presence of 
alkali metal hydroxide in a mixture of toluene and hexane. 
Compound I is hydrogenated over Raney Nickel in the presence of 
anhydrous ammonia. 

The primary amine II is methylated by formaldehyde and formic acid to 
give Venlafaxine base. 

Stage — IV: The base is converted to the hydrochloride salt i.e. Venlafaxine 

hydrochloride in acetone and anhydrous hydrogen chloride in isopropanol 
to give polymorph - L 

Venlafaxine hydrochloride is purified in isopropanol to give polymorph 

Venlafaxine hydrocliloride is treated with activated carbon in methanol, 

solvent is evaporated to dryness, residue is slurried in acetone, cooled to 25 

to 30^C, thCTi filtered and dried to a constant weight to give polymorph - II 

in laboratory and polymorph - III on plant scale. 

Venlafaxine hydrochloride is converted into firee VenlafaxLae base. 

- Vm & IX: Pure Venlafaxine base is subjected to hydrochloride formation in (i) 

ethyl acetate (ii) acetonitrile (iii) acetone (iv) isopropanol, (v) MEBK and 

(vi) toluene hydrochloride preparation at 0 to 5^C provides only polymorph 

15 



Stage - V: 



25 Stage -VI: 



Stage - Vn: 
Stage 
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- I in above mentioned solvents, whereas in same solvents hydrochloride 
foimation is being carried out at 25 to 30^C, then reflxixed, cooled to 25 to 
30^C then filtered and dried to a constant weight,, polymorph - 1 is achieved 
only in isopropanol, whereas ethyl acetate, acetonitiile acetone and MIBK 
5 provides Form - n. Form — m is obtained when toluene is used as solvent 

Stage - X: Polymorph - m is converted into polymorph - n in laboratory conditions 

wfa^eas polymorph - n is unaSected. 

Stage - XI: Form - n or Form - III is converted into Form - 1 in hot isopropanol. 

Stage - XII: Form - I is converted into Form - n in laboratory conditions while Form I 
10 is converted into Form - m on plant scale. The effect of cosolvent 

methanol is also studied in acetone, in laboratory trials, the presence 
(methanol content nil to 1 0%) doesn't effect the polymorphism, in all cases 
polymorph - n is achieved. ^ 

Stage - XDI: (R) and (S) enantiomers of Venlafaxine hydrochloride are prepared, both 
15 die enantiomers are crystalline structure, melting point of both are higher 

than racemic Venlafaxine hydrochloride Form * I, Form - n and Form - m 
and consequently they different on DSC and X-ray powder dijBEractrogram. 
No polymorphism was foxmd to occur in (R) and (S) Venlafaxine 
hydrochloride. 

20 Stage - XIV: The interconversion of crystallinity of (R) and (S) enantiomers of Venlafaxine 

hydrochloride was attempted in hot isopropanol, the material was 
recovered as such, further confirming the absence of polymorphism in (R) 
and (S) Venlafaxine hydrochloride. 
Hie invention is further described by the following non-limitiag examples which 

25 refer to the accompanying Figs. 1-14, brief particulars of which are given below: 

Fig - 1 : Fourier Transform Infrared (FTIR) spectrum of 

racemic Venlafaxine hydrochloride Form-I 

30 Fig - 2: Fourier Transform Infirared (FTIR) spectrum of 

racemic Venlafaxine hydrochloride Foim-II 

Fig - 3 : Fourier Transform Infirared (ETIR) spectrum of 

racemic Venlafaxine hydrochloride Form-m 

* 

Fig - 4: X-ray Powder Diffiractogram of 

racemic Venlafaxine hydrochloride Form-1 
pC-axis: 29 and Y-axis: intensity) 

40 Fig - 5 : X-ray Powder Dif&actogram of 
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racenuc Venla&xitie hydrochloride Form-II 
(X-axis: 29 and Y-axis: intensity) 

Fig — 6: X-ray Powder Diffiractogram of 

5 racemic Venla&xine hydrochloride Form-Ill 

(X-axis: 20 and Y-axLs: intensity) 

Fig - 7: X-ray Powder Diffiractogram of 

R(+) Venla&xine hydrochloride 
10 pC-axis: 28 and Y-axis: intensity) 

Fig — 8 : X-ray Powder Diffiractogram of 

S(-) VenlafiDcine hydrodbloride 
pC-axis: 29 and Y-axis: intensity) 

15 

Fig — 9; Solid-state ^^C nuclear magnetic resonance spectrum of racemic Venlafaxine 

hydrochloride Form-I 

pC-axis: chemical shift, ppm and Y-axis: intensity) 

20 Fig — 1 0: Solid-state C nuclear magnetic resoxumce spectrum of racemic Venlafaxine 

hydrochloride Form-II 

pC-axis: chemical shifty ppm and Y-axis: intensity) 

Fig — 11: Solid-state C nuclear magnetic resonance spectrum of 
25 racemic Venlafaxine hydrodbloride Form-in 

P^-axis: chemical shifty ppm and Y-axis: intensity) 

Fig — 12: Transition microscopy picture of 

racemic Venlafaxine hydrochloride Form-I 

30 

Fig —13: Transition microscopy picture of 

rac^nic Venlafaxine hydrochloride Form-II 

Fig — 1 4: Transition microscopy picture of 
35 racemic V^afaxine hydrochloride Form^IQ 

£xample - 1 

Preparation of l-[cyano(4*methoxyphenyl)methyl]cyclohexanol : 

40 

In a 5 lit reaction vessel, n-hexane 2250 ml, caustic soda 204 g and tert. butanol 138 
g were charged and stirred for 1 hr at 25 - 30°C and th^ cooled to -5 to -10°C . To this a 
solution of 250 gm p-methoxyphenyl acetonitrile in 250 ml toluene was slowly added in 45 
minutes at -5 to -lO^C. The mass was stirred at —10 for 4S minutes and thm a solution of 
45 183 g cyclohexanone in 183 ml tolu^e was added in 45 minutes. The reaction mass 
was further stirred at — 5^C to -1 0°C for 4 hours and the reaction progress was monitored by 
TLC, The reaction mass was dumped slowly in 2400 ml ice-water containing 300 ml acetic 
acid with cooling. Which was stirred for 30 min. at 15 to 20 °C. The product was filtered 

17 
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and thoroughly washed with water. The product was dried at 70 "C to give 307 gm dry 
iDatefial yield, 74% of theoretical based on p-methoxyphenyl acetonitrile, having melting 
point 125 to 128 **C reported (123 to 126°C). 

5 Example - 2 

Preparation of l-*[2-Amino-l-(4-inethoxyphenyl)ethyl] cydoh^canoL 

l-[cy8no(4-methoxyphenyl)methyl] cyclohexanol (300 g) was dissolved in 4500 ml 
methanol containing 150 g ammonia to this 150 g Raney nickel was added and 
hydrogenated at 60 psi pressure for 4 hrs. The catalyst was filtered through hyflowbed and 
the filtrate was evaporated to get an oil (300 gm). HPLC purity showed the material to be 
93% pure. 
Example - 3 

Preparation of l-[2-(dimefhyIamino)-i-(4-methoxyphenyl)ethyI] cydohexanol: 

A solution containing l-[2-amino-l-(4-methoxyphenyl)ethyl]cyclohexanol (275 g), 
88% formic acid (867 g), 30% aqueous formaldehyde (624 g) and watar (750 ml) was 
20 refliixed for 14 hrs. The solution was cooled to 1 5 and was basified with 40% NaOH and 
extracted with chloroform. (3 x 800ml + 2 x 150 ml). The extract was evaporated to a 
residue wt :270 g. 

Example - 4 

25 

Preparation of l-[2-(dimethylammo)*l-(4-metfaoxyphenyI)ethyl] cj^clohexanol 
Hydrochloride: [Form - 1] 

The residue (50 g) as obtained in example - 3 is dissolved in 15 times acetone and 
. 30 to this, a solution of isopropanolic hydrogenchloride was added to bring the pH = 2 at 5 to 
lO^C the precipitated material was filtered and washed with isopropanol and dried till 
constant weight of 37 gm. melting point 210 to 212 



10 



15 



Example - 5 

35 

Purification of l»[2-(dimethylammo)-l-(4-methoxyphenyl)ethyl] cydohexanol 
Hydrochloride: [Form - J] 

35 gm Venlafaxine hydrochloride as obtained in example - 4 was dissolved in 10 
40 volumes of hot isopropanol and cooled to 5 to 1 0^C» the precipitated material was filtered 
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and washed with isopropanol, dried till constant weight of 29 to 30 gm pure mgtPirtsii 
melting point 2 1 5 to 21 7°C 

Example - 6 

Preparation of l'[2-(dimethylamino)-l-(4-methoxyphenyl)ethy]] cyclohexano] 
Hydrochloride: [Form - II] 

25 gm Venlafaxine hydrochloride as obtained in example - 5 is dissolved in 100 ml 
methanol at 25 to 30°C, 2 g carbon was added stirred for 30 mm jfiltered through 
hyflowbed, 2 x 1 5 ml methanol washed are given to the bed. Then methanol was distilled 
completely in vacunm. The traces of methanol are removed by adding 25 ml acetone and 
distilled completely. The process was repeated. Hien 75 ml acetone was added to the 
residue, refluxed for 30 minutes, stirred 10 min at 30 ^C, cooled to 5 to 10 ^C, filtered and 
washed with acetone 2 x 25 ml, the product was dried till constant weight of 23 gm. 
Example — 7 

Preparation of Venlafaxine base (pure): 

150 gm pure Venlafaxine hydrochloride as obtained in example 5 was dissolved in 
300 ml D.M. Water and cooled to lO^C, the pH w 10, was adjusted by adding 20% aqueous 
sodixmi hydroxide solution. It was then extmcted with chloroform (3 x 200 ml) and the 
chloroform, the extracts are combined and was washed with D.M. Water (150 ml), 
chloroform was evaporated to a oily residue, (weight = 128 gm), which was solidified at 
25 to30°C. 

Preparation of Venlafaxine hydrochloride Form - 1 
Example — 8 

10 g of Venlafaxine pure base was obtained in example 7 is dissolved in 100 ml 
isopropanol at 25 - SO^C, the solution was cooled to 0 to 5^C, 10 ml solution of dry HCl gas 
in isopropanol was slowly added (to get pH 2 of the reaction mix). During addition white 
materials of Venlafaxine hydrochloride was separated. Stirred 1 hr. at 0 - 5 ^C, the solid 
was filtered washed with isopropanol dried at 60 ^C, dry wL = 9 g. 

Example - 9 

1 0 g of Venlafaxine base (pure) was stirred with 100 ml acetonitrile at 25 to 30^C to 
get clear solutioiL It was cooled to 0 to 5^C, and dry HCl gas was passed to get pH of the 
solution 2. During the gas passing, precipitation of sohd was started. The reaction mixture 
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was further stirred for 1 hr. at 0 - 5 filtered and washed with acetonitrile. dry at 60 °C 
till constant weight of 7.S g. 
Example - 10 

5 10 g of Venlafaxine base (pure) was stirred with 100 ml ethyl acetate at 25 to 30 

to get clear solution. It was cooled to 0 to 5 and dry HCl gas was passed to get pH of the 
solution 2. During the gas passing precipitation of solid was started which is further stirred 
for 1 hr. at 0 - 5 °C, filtered and washed with ethyl acetate, and dried at 60 °C till constant 
weightof 10.5 g. 
10 Example- 11 

10 g ofVetilafaxine base was dissolved in 100 nil acetone at 25 to 30 then cooled 
to 0 - 5^C, dry HCl gas was passed till pH 2, which is further stirred for 1 hr at 0 - 5 ^C, 
filtered, washed with chilled acetone and dried at 60 ^C, till constant weight of 9.8 gm was 
IS achieved 

Example — 12 

5 gm of Yenla&xine base was dissolved in 50 ml MIBK at 30 to 35 then cool to 
0 to 5^C. To this with stirring a solution of HCl gas in IPA was added to bring pH ~ 2 of the 
20 reaction mixture. The product precipitate was stirred for 1 hr at 0 to 5^C and worked up to 
give 4.7 gm product 

Example — 13 

25 10 gm of Venlafexine base (pure) was stirred with 100 ml isopropanoL To this a 

solution of dry HCl gas in isopropanoi (16% w/v) (10 ml) was dropwise added at 25 to 30 
^C to get pH of the reaction mass 2. It was then heated to 64 *^C to dissolve the solid stirred 
5 mm, at this temp, and then slowly cooled to 30 ^C and filtered. The solid was washed with 
isopropanoi and dried at 60 ^C till constant weight of 6.8 g was achieved. 

30 

Example — 14 

Venlafaxine crude base (84,3 gm) obtained from stage 3 was dissolved in 1260 ml of 
acetone at 25 to 30 C then cool to 5 to 10 X. A bsolution of dry HCl gas in isopropanoi was 
35 slowly added at 5 to 10 ^C till the pH of the mass = 2 was obtained. The product 
precipitated was stirred 1 hr. at 5 - lO^C filtered and washed with acetone The wet material 
was dried at 60^C to a constant weight Dry weight = 62 gm. 

20 
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Example - 15 

Venla&xine HCl 50 g (Fonn - Id) and isopropanol 250 ml were heated slowly in 
500 ml R B. flask at 80 to 85 ^C, to get a clear solution, refluxed for 1 hr (85 **C) slowly 
5 cooled to 50 °C, and then cooled to 30°C stir for 1 hr. at r,t, filtered, washed with 
isopropanol, dried at 60 °C, dry weight = 45.6 g. 

Example — 16 

10 Venla&xine . HCl (Form - II) 5 gm (vea-4/l 8/1 45) in 75 ml isopropanol was heated 

to 70^C to dissolve the solid, stirred for 5 min. at 70^C, then cooled to 25 to 30 stirred 
for 1 hr. at 25 to 30°C, filtered, washed with isopropanol and dried at 60^C, to obtain dry 3.8 
g product 

15 Preparation of Venlafaxine hydrochloride Form - n 
Example - 17 

Venlafaxine base Pure - 10 g was dissolved in 100 ml acetone at 25 to 30°C, To this 
20 solution dry HCl gas was passed till the pH of the solution - 2 was attained. It was then 
heated to reflux and refluxed for 5 min., cooled to 25 to 30^C, filtered the solid and washed 
with acetone dried at 60°C. Product with dry weight = 9.3 gm was obtained. 

Example- 18 

25 Example 17 is repeated by using 100 ml of ethyl acetate instead of acetone with 

reflux time for 1 hr., dried at 60°C. Dry weight of the product was 10. 1 gm. 

» 

Example - 19 

Example 1 8 was repeated by using 100 ml acetonitrile as solvent and dried at 60°C. 
30 Dry weight of the product was 5.8 gm. 

Example - 20 

5 gm Venlafaxine base was dissolved in 50 ml MIBK at 30 to 35 ^C. To this with 
35 stirring was added a solution of HCl gas in EPA till pH 2 is achieved. Thereafter, the 
temperature was raised to reflux and maiatained reflux temperature for 1 hr. and th^ cooled 
to 30 ^C. Thereafter, it was stirred for 1 hr at 30 to 35 °C, filtered, washed with MIBK and 
dried at 60 ^C. 4.7 gm product is obtained. 

40 
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Example -* 21 

VenJafaxmcHCl (Mix. of PolymorpJbt I + II) (pure)- 25 g was dissolved in 100 ml 
methanol at 25 to 30^C. 2 g carbon was added stirred for 30 min filtered through 
5 hyflowbed. 2 x 1 5 ml methanol wash were given to the bed. Then methanol was distilled 
completely in vacuum. The traces of methanol were removed by adding 25 ml acetone and 
distilled completely. The process was repeated. Then 75 ml acetone was added to the 
residue, reflux and cool upto 25 to SO^C. Stirred 10 min at 30 ^C, filtered and washed with 
acetone 2 x 25 ml, dried at 60^C, dry weight = 23 gm. 

10 

Example -> 22 

Following four trials were taken as per example 21 . After distillation of methanol 
the reaction mass was analyzed by GC for % methanol and % methanol was adjusted as per 
15 following table. Distillation of acetone which removes methanol by azeotropic distillation 
was omitted. 





% in methanol 
reaction 


Input 


Output 


a) 


Nil 


Form HI 


Formll 


b) 


5% 


Formin 


Formll 


c) 


10% 


Formm 


FormEE 


d) 


After methanol 
distillation the 
solid is 
scrapped and 
dried. 


Form HI 


Formll 



20 Example - 23 

5 gm Venlafaxine base was dissolved in 50 ml toluene at 30 to 35 °C. To this, while 
stirring was added dry HCl gas till pH - 2 was achieved at 30 to 35 °C. The temperature 
was thereafter raised to reflux and maintained at reflux temperature for 1 hr then cooled to 
25 30 °C, stirred for 1 hr at 30 to 35 °C filtered and washed with toluene and dried at 60 
Dry weight of the product obtained was 5.3 gm. 

Example - 24 

30 Example 23 was repeated by using MIBK as a solvent, which gave 5.2 gm material. 
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Preparation of Venlafaxine hydrochloride Form — HI 

It was surprisingly noted that in a manufacturing procedure of Veolafaxine 
hydrochloride on plant level, always Form - IH was obtained in all the plant batches 
consistently. 

Example - 25 

5 g of Venlafaxine base was dissolved in 50 ml toluene at 30 to 35 ^C. To this with 
stirring, a solution of HCl gas in IPA was added to get pH 2 of the reaction mixture. It 
was refLuxed for 1 hr (85 to 90 cooled to 30 to 35 °C and stiired 1 hr at 30 to 35 °C. On 
work up, the soUd obtained was dried at 60 °C to give 4.7 gm product 
Preparation of Venlafaxine hydrochloride chiral Form: 

Example -26 

Venlafaxine base (pure) racemic (40 g) was dissolved in 300 ml ethyl acetate. To 
this with stirring a solution of di-p-tolyl-L-tartaric acid (32 g) in ethyl acetate (240 ml) was 
slowly added in 30 min. at 25 to 30^C, stirred for 4 hrs more at 25 to 30^C. The solid was 
filtered and washed with 2 x 40 ml ethyl acetate. The filtrate was stored for the isolation of 
(R) enantiomer. The solid, weighing 40 gm, was dried at 55 to 60 °C. The dry wt, of the 
product was = 38 gm and the melting point was 11 6 to 120 ^C. Sp. Rotation = -60.2971 (c = 
1.0 methanol). 

Example ~ 27 

35 g of the salt of example - 26 was refluxed with 490 ml ethyl acetate and 35 ml 
methanol for 30 min. slowly cooled to 25 to 30®C, stirred 1 hr. at 25 to 30®C, filtered, 
washed with ethylacetate 2 x 35 ml. and dried at 60 °C, to a constant weight dry wt = 26 
gm, melting point 120 to 125^C. Sp. Rotation = -58.7565 (c = 1.0 methanol). 

Example -28 

The purified salt (24 g) (example - 27) was stirred with 240 ml water and a solution 
of 3 g caustic soda in 30 ml water was added till pH = 1 1 was obtained. The reaction 
mixture was stirred for 10 min. and extracted with methylene chloride (100 ml + 50 ml). 
The combined extracts were washed with water 3 x 50 ml, dried over anhydrous sodium 
sulphate, and evaporated to diyness to give 12 g. product Sp. Rotation =^ + 29.4821 (c=l, 
95% EtOH) 
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Example - 29 

Veiilafaxine base - 10 g as obtained in stage 28 was stirred with 100 ml acetone to 
this solution dry HCl gas was passed till pH = 2 is obtained. The suspension is then refliixed 
for 30 min. slowly cooled to 25 to 30 °C, and stirred for 1 hr. at 25 to 30 °C filtered^ given 
acetone wash. Dried at 60 ®C to a constant weight Dry 10.0 g Sp. Rotation = - 4.4928, (c=l, 
95% EtOH) 

Example - 30 

(-) Venlafaxine HCl - 5 g as obtained in example 29 was refluxed with 75 ml 
isopropanol for 5 min. and then slowly cooled to 25 to 30 ^C, stirred 1 hr at r.t, filtered, 
washed with 2 x 5 ml isopropanol, dried at 60 °C, dry weight = 3.9 gm, Sp. Rotation = - 
4.46 (c=l, 95% EtOH) 

Example - 31 

The solvent was distilled in vacuum firom the filtrate collected in (example 26) gave 
40 g sticky residue, this was stirred with 1 50 ml methylene chloride and 400 ml water. To 
this a solution of 5 g NaOH in 50 ml water was added and stirred for 10 min. Organic layer 
was separated, aqueous layer was extracted with 150 ml methylene chloride combined 
organic layers are washed with water (2 x 50 ml) and the solvent was evaporated gave 1 8 g 
residue. Sp. Rotation = -24.80, (c = 1, 95% EtOH) 

Example - 32 

(-) Venlafexine base 17 g as obtained in ©tample 31 was dissolved in 85 ml 
ethylacetate. To this with stirring a solution of di-p-tolyl-L-tartaric acid (13.4 g) in 
ethylacetate (85 ml) was added in 30 min. at 25 to 30°C. The mass was stirred 1 hr at r.t, 
filtered and solid was washed with ethyl acetate (2 x 17 ml) wet = 43 g dried at 60 to a 
constant dry weight =26gm. 

Example - 33 

26 g salt as obtained in example 32 was stirred with 260 ml water and 100 ml 
methylene cMoride. To this a solution of sodium hydroxide (3.3 g) in water (33 ml) was 
slowly added and stirred 15 miiL more at 25 to 30^C. Aqueous layer was separated and 
extracted with 50 ml metiiylene chloride. The combined organic layers were washed with 
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water (2 x 50 ml) and the solvent was evaporated in vacuum to give 12.8 g product Sp. 
Rotation = - 23.58 (o= 1, 95% EtOH) 



Example — 34 



(-)Venlafaxine base 10 g as obtained in example 33 was dissolved in 100 ml acetone. 
To this dry HCl gas was passed at 25 to 30 °C till pH = 2 was obtained It was then refluxed 
for 5 min. and slowly cooled to 25 to 30 "C and stirred for 1 hr. at 25 to 30 °C. SoHd was 
filtered, washed with acetone and dried at 60 "c dry weight = 9.3 gm. Sp. Rotation = +4.34 
10 (c=l, 95% EtOH). 



Example — 35 

(+) VenlafaxineHCl (5 g) was refluxed with 75 ml isopropanol for 5 min. The solution 
15 was then slowly cooled to 25 to 30 "c and stirred fox 1 hr at this temp., filtered, washed 
with isopropanol(2 x 5 ml), dried at eo'c, dry weight = 4.0 g. 
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WE CLAIM: - 

1. Novel c^stalline polymorphic forms of racemic Venlafaxine hydrochloride, i.e.. Form- 
ic Foim-U & Form-IH and crystalline forms of R(+) and S(-) Venlafaxine hydrochloride. 

5 

2. Novel crystalline Form - I racemic Venlafaxine hydrochloride as claimed in claim — 1 
and characterized by the following X-ray powder diflfraction angles: (2G): 6.79, 8.41, 
10.27, 12.75, 13.54, 15.42, 15.58, 15.62, 15.74, 16.31, 16.35, 16.80, 18.99, 19.79, 20.35, 
21.24, 21.82, 25.04, 25.09, 25.15, 27.22, 27.27, 28.47, 28.56, 28.61, 31.09, 31.59, 31.65, 

10 31.72, 33.99, 35.12 and 35.23, 

3. Novel crystalline Form - I racemic Venla&xine hydrochloride according to claim — 1 
and claim - 2 and further characterized by ^^CP/MAS NMR spectra having chemical 
shifts in parts per million (ppm): 221.52, 197.24, 196.76, 193.64, 179.11, 171.72, 

15 157.90, 133.62, 133.14, 130.04, 115.49, 108.10, 94.26, 74.11, 69.99, 69.51, 66.40, 

59.36, 54.81, 51.84, 50.99, 44.45, 43.40, 42.37, 37.80, 35.69, 25.52 and 21.74. 

4. Novel crystalline Form - n of racemic Venlafaxine hydrochloride as claimed in claim ~ 
1 and characterized by the following X-ray powder diffiaction angles (29): 6.69, 10.21, 

20 13.45, 15.31, 15.38, 15.52, 18.14, 18.17, 19.61, 19.68, 20.26, 21.46, 21.58, 21,65, 21.71, 

22.57, 22.65, 25.49, 25.54, 27.16, 28.02, 28.10, 28.18, 28.21, 34.97 and 35.06. 

5. Novel crystalline Form - n racemic Venlafaxine hydrochloride according to claim - 1 
and claim - 4 and further characterized by ^^CP/MAS NMR spectra having chemical 

25 shifts in parts per million (ppm): 221.28, 198.23, 196.18, 194.37, 181.35, 172.33, 

157.65, 134.62. 132.58, 130.75, 117.74, 108.71, 94.03, 73.89, 71.00, 68.94, 67.11, 
59.23, 55.59, 54.13, 51.32, 45.08, 43.29, 41.49, 37.80, 25.94, 23.74 and 21.40. 

6. Novel crystalline Form - in of racemic Venlafaxine hydrochloride as claimed in claim - 
30 1 and characterized by the following X-ray powder dif&action angles (29): 6.73, 10.24, 

13.49, 15.37, 15.41, 15.48, 15.56, 18.18, 18.22, 20.18, 20.30, 21.60, 21.65, 21.74, 27.20, 
27.26, 35.09 and 35,18. 

« • ■ ■ . 

7. Novel crystalline Form - HI racemic Venlafexine hydrochloride according to claim ~ 1 

35 and claim - 6 and further characterized by *^CP/MAS NMR spectra having chemical 
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shifts in parts per million (ppm): 221.27, 198.25, 196.20, 19437, 181.38, 172.32, 
157.66, 134.65, 132.59, 130.79, 117.77, 108.74, 94.04, 73.93, 71.01, 68.97, 67.15, 
59.30, 55.63, 54.17, 51.36, 45.09, 43.33, 41.53, 37.85, 26.00, 23.84 and 21.45. 

* 

8. Crystalline form of R(+) Venlafaxine hydrochloride as claimed in claim —1 and fur&er 
characterized by the following X-ray powder diffiraction angles (20): 6.44, 8.45, 10.13, 
12.29, 12.45, 12.90, 15.11, 16.4, 17.98, 18.19, 19.26, 19,43, 19.62. 20.97, 24.70, 25.46, 
26.01, 27.65, 27.73, 32.68, 36.90 and 36.97. 

9. Crystalline form of S(-) Venlafaxine hydrochloride as claimed in claim ~ 1 and further 
characterized by the following X-ray powder difiBraction angles (20): 6.44, 8.45, 10.13, 
12.29, 12.45, 12.90, 15.11, 16.4, 17.98, 18.19, 19.26, 19.43, 19.62, 20.97, 24.70, 25.46, 
26.01, 27.65, 27.73, 32.68, 36.90 and 36.97. 

1 0. A process for the preparation of polymorphic Form - I of Venlafaxine hydrochloride 
which comprises dissolving Vralafaxine base in an organic solvent selected from the 
group consisting of aliphatic ketones, aliphatic aUcanols, aliphatic nitriles, aliphatic 
esters and aromatic hydrocarbons in the presence of anhydrous hydrogenchlonde. 

11. A process as claimed in claim 1 wherein said anhydrous hydrogenchloride is dry 
anhydrous hydrogenchloride gas. 

12. A process as claimed in claim 10 or 11 wherein said aliphatic ketones is selected from 
acetone, methyl ethyl ketone and methyl isobutyl ketone. 

13. A process as claimed in claim 10 or 1 1 wherein said aliphatic alkanol is selected from 
Ci - C5 straight or branched chain alkanol such as methanol, ethanol, n~propanol, 
isopropanol, n-butanol or tert-butanol. 

14. A process as claimed in claim 10 or 11 wherein said ahphatic nitriles are selected from 
the group consisting of acetonitrile, propionitrile, butyronitrile and valeronitrile. 

15. A process as claimed in claim 10 or 11 wherein said aliphatic esters are selected from 
the group consisting of methyl acetate, ethyl acetate, propyl acetate, butyl acetate and 
isopropyl acetate 
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16. A process as claimed in claim 1 0 or 11 v^erein said aromatic hydrocarbons are selected 
from benzene, toluene and xylene. 

5 17. A process as claimed in any one of claims 10 to 16 wherein the volume of solvents 
employed is from 2 to 30 times the volume of Yenlafaxine base. 

18. A process as claimed in claim 17 wherein said volume of said solvents is from 10 to 15 
times the volume of Venlafaxine base. 

10 

19. A process as claimed in any one of claims 10 to 17 wherein the temperature of the 
solution of Venla&xine base in said organic solvent is between -lO^C to -fSO^C before 
the addition of anhydrous hydrogen chloride. 

15 20. A process as claimed in claim 19 wherein the said temperature is from 0 to 20^C. 

21. A process as claimed in claim 10 wherein said solvent is isopropanol and said solution 
of Venlafaxine base is treated with said anhydrous hydrogen chloride at the temperature 
in the range of 40 to 85^C. 

20 

22. A process as claimed in claim 21 where the said temperature is between 80 to 

23. A process as claimed in claim 21 or 22 wh^ein the Venlafaxine hydrochloride solution 
25 formed is cooled to 0 to 50°C and then filtered. 

24. A process as claimed in claim 23 wherein said temperature is reduced to 0 to 30^C 
before filtration. 

30 25. A process for the preparation of polymorphic Form - I of Venlafaxine hydrochloride 
which comprises dissolving Form n or HI of Venla&xine hydrochloride in hot 
isopropanol, then cooling the solution to 0 to SO^C, filtering the product and drying the 
product so obtained. 
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26. A process as claimed in claim 25 wherein said reaction mixture is cooled to 0 to 30^C 
before said filtration 

27. A process as claimed in claims 25 or 26 wherein the product is dried at 30 - 65°C, 
preferably at 50^C. 

28. A process as claimed in claim 25 wherein the vohime of isopropanol employed is 5 to 
20 times that of Venlafaxine hydrochloride Form II or Form DI 

29. A process as claimed in claim 28 wherein the said volmne is 10 to 15 times that of 
Venlafaxine hydrochloride Form n or Form HI. 

30. A process as claimed in any one of claims 25 to 29 wherein said hot isopropanol is at a 
temperature of irom 50 to 85*'C. 

31. A process as claimed in any one of claims 30 wherein said temperature is 65 to 
85°C. 

32. A process for the preparation of polymorphic Form H of Venlafaxine hydrochloride 
which comprises treating Venlafaxine base in with a solvent selected fi-om acetone, 
ethyl acetate, acetonitrile and MIBK and passing dry hydrogen chloride gas at 0 to 35 
°C, refluxing for 15 to 60 minutes, cooling the reaction nuxture to a temperature of 0 to 
55^C, filtering the product and dryiag it at 40 - 85°C. 

33. A process as claimed in claim 32 wherein said dry hydrogen chloride gas is passed at a 
temperature of 25 to 30°C, said refluxing is carried out for 1 hr, the reaction mixture is 
cooled to 30 to 35^C, filtering and the filtered product is dried at 50 to 55^C. 

34. A process of preparing polymorphic Form H of Venlafaxine hydrochloride which 
comprises dissolving polymorphic Form I of Venlafexme hydrochloride m methanol, 
removing methanol to dryness and recovering the matexial or after removing methanol, 
adding acetone, refluxing for 15 to 90 minutes, preferably for 60 minutes, cooling 
to 0 to 45 °C, preferably to 25 to 35 filtering and drying the product at 50 to 
85 °C, preferably to 50 to 60®C. 
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35. A process as claimed in claim 34 wherein said refluxing is for 60 mintites, said cooling 
is 25 to 3 5 *^C, and the filtered product is dried at 50 to 60°C. 

36. A process of preparing polymorphic Form HE of Venlafaxine hydrochloride which 
S comprises dissolving Form I of Venlafaxine hydrochloride in methanol, removing 

methanol to dryness, adding acetone, reflmdng acetone, cooling to 0 to 35^C» preferably 
to 5 to lO^^C, centrifuging, drying at 55 to 75 ^C, preferably at 55°C on 10 to 50 kg on 
plant scale. 

10 37. A process of preparing polymoxphic Form - HI of Venlafexine hydrochloride which 
comprises dissolving V^a&xine base in toluene and adding a solution of HCl gas in 
IPA and heating the resiiltixig mixture to 50 to 1 15^C, and cooling to —10 to +50 and 
drying at 50 to 75 °C 

15 38. A process as claimed in claim 37 wherein said reaction mixture is heated at reflux 
tempemture and cooled 25 to 35 and dried at 50 to 60 ^C. 

39. A process as claimed in claim - 16 provides the methods of the preparations of all the 
three forms of racemic Venlafaxine hydrochloride in pure form by changing the reaction 

20 conditions. 

40. A process as claimed in claim — 39 ^^erein the said solvent employed is toluene. 

41. A process as claimed in claim 39 and 40 wherein racemic Venlafaxine base is dissolved 
25 in S - 25 volumes of toluene, preferably 10 volimies of toluene for the preparation of all 

the three forms of racemic Venla&xine hydrochloride. 

42. A process as claimed in claim — 41 wherein Form ~ I is produced by passing dry 
hydrogen chloride gas to the toluene solution of racemic Venlafaxine base at 0 - 5 

30 filtering and dryiag the product 

9 

43. A process as claimed in claim — 41 wherein Form - H is prepared by passing dry 
hydrogen chloride gas to the toluene solution of racemic Venla&xine base at 20 - 50^C, 
preferably at 30 - 35 °C , refluxing the solution, cooling the product at 25 - 55°C, 

35 preferably at 30 - 35 °C , filtering and drying the product. 
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44. A process as claimed in claim - 41 wherein Form - III is prepared by adding 
isopropanolic hydrogen chloride gas solution, refluxing and cooling the product at 25 - 
55 ^C, preferably at 30 - 35 ^C, filtering and drying the product. 

45. A process for the preparation of a compoimd of formula I which comprises condensing 
p-methoxy phenyl acetonitrile with cyclohexanone in the presence of alkali/alkali earth 
metal • hydroxide. 

46. A process as claimed in claim 45 wherein said alkali/alkali earth metal hydroxide is 
selected &om the group consisting of lithium hydroxide, sodium hydroxide or potassium 
hydroxide. 

47. A process as claimed in claim 46 Therein sodium hydroxide is used in molar ratio of 1 
to 5. 

48. A process as claimed in claim 47 wherein sodium hydroxide employed is in molar ratio 
of3. 

49. A process as claimed in any one of claims 45 to 48 wherein said condensation is 
effected in the presence of a co-solvent. 

50. A process as claimed in claim 49 wherein said co-solvent is a C2 to C4 normal or 
branched chain alkanols selected from the group consisting of ethanol, n-propanol, 
isopropanol, n-butanol, isobutanol and tert. butanol. 

51. A process as claimed in claim 50 wherein saod co-solvent is tert-butanol employed in a 
molar ratio of 0.5 to 5 

52. A process as claimed in claim 5 1 wherein said tert-butanol is used in molar ratio of 1 . 1 

53. A process as claimed in any one of claims 45 to 52 whereio said condensation is 
achieved in a mixture of aliphatic and aromatic hydrocarbons. 
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54. A process as claimed in claim 53 wherein said aliplxatic hydrocarbon is normal or 
branched chain C5 to Cio selected from n-pentane, n-hexane, n-heptane, n-octane and 
isooctane. 

5 55. A process as claimed in claim 53 wherein said aromatic hydrocarbon is selected from 
benzene, toluene, ortho-, meta-, para xylene. 

56. A process as claimed in claim 53 to 55 wherein said aliphatic hydrocarbon is n-hexane 
and aromatic hydrocarbon is toluene. 

57. A process as claimed in claim 56 wherein a mixture of n-hexane and toluene is used in a 
ratio of 90 : 10 to 50 : 50 v/v. 

55. A process as claimed in claim 57 wherein ratio of n-hexane to toluene is 85 : 1 5 vfv. 

15 

59. A process as claimed in claim 58 wherein said nodbcture employed is 5 to 20 volumes of 
p-methoxy phenyl acetonitrile. 

60. A process as claimed in claim 59 wh^ein said mixture employed is 10.7 volume of p- 
20 methoxyphenyl acetordtrile. 

61. A process as claimed in any one of claims 45 to 60 wherein tbe molar ratio of 
cydohexanone is 1 to 2. 

25 62. A process as claimed in claim 61 wherein the molar ratio of cydohexanone is 1 .1 . 

63. A process as claimed any one of claims 45 to 62 wh^ein said condensation reaction is 
carried out a temperature of from -20 to +25 

30 64. A process as claimed in claim 63 wherein said reaction temperatiure is —5 to —10 ^C. 

65. A process for the preparation of a compound of formula EL of hydrogenation a 
compound of formula I so that cyano group thereof is reduced to an amino methyl 
group, wherein said hydrogenation is carried out in the presence of activated (Raney) 
35 metals such as cobalt. Nickel and copper. 
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66. A process as claimed in claim 65 vAerein said Raney metal is a Raney Nickel which is 
used in an amount 0.25 to 1 times w/w as that of compound of formula 1. 

67. A process as claimed in claim 66 wherein said Raney Nickel employed is 0.5 times w/w 
as that of compound of formula I 

68. A process as claimed in any one of claims 65 to 67 wherein said hydrogenation is 
carried out in the presence of anhydrous ammonia employed in an amoimt of from 0.25 
to 1 times w/w as that of compound of formula 1 

69. A process as claimed in claim 66 wherein said amount of anhydrous ammonia is 0.5 
times w/w as that of compound of formula L 

70. A process as claimed in any one of claims 65 to 69 wherein said hydrogenation is 
carried out on the presence of a solvent selected from ethanol, n-propanol, isopropanol, 
methanol, n-butanol isobutanol, tert-butanol and ethyl acetate. 

71 . A process as claimed in claim 70 wherein the amount of said solvent is 5 to 25 volumes 
of that said compound of formula I 

72. A process as claimed in claim 71 wherein the amount of said solvent is 15 times the 
volume of said compound of formula I. 

73. A process as claimed in any one of claims 65 to 72 wherein said hydrogenation is 

■ 

performed at the pressure of 30 to 90 psi, 

74. A process as claimed in claim 73 wherein said pressure for hydrogenation reaction is 60 
psi. 
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